Introduction
In northern South America, an extensive tropical lowland runs about 5,000 km from the Atlantic coast to the foot of the Andes. The slope from sea level to approximately 500 m is gentle and almost imperceptible, but at about 500 m the eastern Andes rise abruptly out of the plain and the elevation increases sharply [1] . The lowland supports Amazonia, which is the most extensive tract of tropical rainforest on the planet [2] and is considered the richest ecosystem in the world [3] . It covers an area of about 7 million km 2 and is in contact with the forest of the eastern slopes of the Andes for about 3000 km.
Most of the Amazonian boundaries are geographically or ecologically well defined although in general there is a transition zone between forest and nonforest vegetation [4] . To the northwest, Amazonia borders a vast grassland area named the Llanos of Colombia and Venezuela [4, 5] . To the northeast, it borders the Atlantic Ocean and to the south, the less humid "diagonal" formed by the Caatinga, Cerrado, and Chaco [6, 7] . To the west, however, the boundary between Amazonia and the forest of the eastern slopes of the Andes has not been clearly defined.
In general, authors that have studied bird distribution in the region consider that Amazonia, also classified as humid tropical, lowland, evergreen, and lower tropical forests, reaches an altitude of 900 m or more on the eastern slopes of the Andes [5, [8] [9] [10] [11] . However, important topographic, ecological, and climatic changes occur at about 500 m, where the eastern Andes rise abruptly out of the plain. For this reason, it has been suggested that Amazonia does not extend above 500 m on the eastern slopes of the Andes [1] . Previously, Patterson et al. [12] also described the cutoff point between lowland and highland avifauna in the Andes of southeastern Peru as approximately 500 m.
To determine the geographical location of Amazonia, especially the limit with the forest of the eastern slopes of the Andes, is very important for two reasons, firstly, because Amazonia is the most important tropical rainforest of the world [2] , and secondly, because the number of species of animals and plants characteristic of this biome changes considerably depending on how that limit is defined.
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Here, bird distribution patterns and geographical and ecological features are used to delimit the bird boundary between Amazonia and the eastern slopes of the Andes. A comparison has also been made with other studies, apart from birds, to determine whether Amazonia as a biome is restricted to the lowland of northern South America or whether it also extends up into the eastern slopes of the Andes.
Method
To determine whether, for birds, Amazonia is restricted to the lowland of northern South America or whether it also extends up into the eastern slopes of the Andes, different types of data were used.
(i) Altitudinal analysis of bird species that inhabit Amazonia and reach at least the foot of the Andes. To select the species to include in the analysis I mainly followed Ridgely and Tudor [13, 14] and del Hoyo et al. [15] . Species that occur in other lowland forests besides Amazonia, such as the Pacific rainforest or the Atlantic Region, were not considered. The altitudes that the species reach in the western Amazonian/eastern slope of the Andes area were taken from Hilty and Brown [16] for Colombia, Ridgely and Greenfield [17] for Ecuador, and Schulenberg et al. [18] for Peru.
(ii) Altitudinal analysis of bird species that inhabit the eastern slopes of the Andes and reach at least the foot of the Andes. To select the species to include in the analysis I mainly followed Ridgely and Tudor [13, 14] and del Hoyo et al. [15] . Species that occur in other mountain forests besides the eastern slope of the Andes, such as the slopes of Central and Western Andes of Colombia, were not considered. The altitudes that the species reach in the Andes/Amazonia border were taken from Hilty & Brown [16] for Colombia, Ridgely and Greenfield [17] for Ecuador, and Schulenberg et al. [18] for Peru.
(iii) Comparative censuses carried out in the western Amazonian lowland and on the lower eastern slopes of the Andes. This procedure was to determine if there are important differences in the rainforest avifauna between the two sites indicating that they could belong to different biomes. To do that, I selected one site located in the lowland (at about 400 m) and another site located on the eastern slopes of the Andes (at about 600-700 m) in Peru and Ecuador, at the same latitude and with a distance of less than 20 km between them. Sites were of about 10 ha with a central trail. The censuses consisted in recording all the birds species observed along the trails during six days, alternating one day in the morning (6:00 to 12:00) and one day in the afternoon (13:00 to 18:00). I considered only the observed birds but used a tape recorder and a directional microphone to attract birds. In Peru, the Amazonian site was located 5 km (iv) Geographical location of points that were accessible by road where the Andes rise abruptly out of the plain. At these points. I recorded the geographical coordinates, altitude, and distance to the nearest city or town.
(v) Characteristics of the relief, watercourses, and general aspect of the vegetation of the sites where the Andes rise abruptly out of the plain. At these points I described whether the relief was steep, if the rivers and streams were rocky and swift, and the characteristic of the vegetation.
Results
(i) Altitudinal analysis. Of 418 species of birds inhabiting the Amazonian forest, 284 reach the foot of the Andes. Of these, 189 species reach the foot of the Andes in Colombia, 168 in Ecuador, and 270 in Peru. The altitude that these species reach in the west is indicated in Table 1 . In Colombia 166 species (88.29%), in Ecuador 113 species (67.06%), and in Peru 138 species (51.30%) do not occur at an altitude higher than 500-600 m.
(ii) Altitudinal analysis of bird species that inhabit the eastern slopes of the Andes and reach at least the foot of the Andes. Of 140 species of birds inhabiting the eastern slopes of the Andes, only 23 reach the foot of the Andes (500 m). Of these, 18 (78%) do not occur at an altitude lower than 500-400 m.
(iii) Comparative surveys in the western Amazonian lowland and in the lower eastern slope of the Andes. Bird activity and the number of species and individuals observed in the surveyed sites were extremely low. Early in the morning, there was a little activity, but during the rest of the day, it was practically nil. Similarity was low for all sites: there was only 15% similarity between the Amazonian and Andean sites in Peru and 30% in Ecuador. Species richness was similar in all the sites, being only somewhat lower in the Andean site in Peru. The number of forest bird species recorded and Sorensen Similarity Index are indicated in Table 2 .
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Discussion
Obtaining a reliable altitudinal boundary for birds between two continuous forest habitats, in this case Amazonia and the eastern slopes of the Andes, is undoubtedly difficult. However, five lines of evidence suggest that the estimate of about 500 m may be close to the "true" Amazonian/eastern slopes of the Andes boundary. The first is the marked altitudinal, geographical, and climatic changes that occur at about 500 m, where the Andes rise abruptly out of the plain, and the relief becomes very steep and rocky. The second line of evidence is that a large percentage of Amazonian bird species do not extend up into the eastern slopes of the Andes. The third is that a large percentage of bird species that inhabit the eastern slopes of the Andes do not extend into Amazonia. The fourth line of evidence is the change in vegetation, especially the gradual decrease in stature of trees and the gradual increase of epiphytic richness, produced mainly by a cloud effect. As Prance [19] pointed out, small changes in altitude can produce extremely important changes in vegetation type, physiognomy, and species composition. The fifth is the low similarity in bird species composition between sites located in western Amazonian lowland and the lower eastern slopes of the Andes. However, the importance of this last line of evidence is relative due to the low number of forest bird species observed in all sites, which is evidently a consequence of the drastic decrease of bird populations and activity in this area, which I have reported elsewhere [20] . In relation to that, Hennessey and Rubey [21] pointed out that due to habitat loss or geographic position, the Hill Tropical (500-900 m) and Lower Tropical (500 m and below) habitats around Villa Tunari, Bolivia, are not as rich in terms of bird life, adding "if your trip also includes visiting lowland habitats in another area of Bolivia, spend most of your time above 1000 m."
Amadon [22] pointed out that the failure of a lowland species to inhabit the mountains may reflect competitive exclusion, rather than inability to live under the climatic conditions prevailing there. However, recent findings have shown that most species are confined to specific elevational bands as a result of the microclimatic constraints of ambient temperature and humidity on their metabolism [23, 24] and on their preferred vegetation [25] (see also Sekercioglu et al. [26] ). Moreover, in most cases in which Amazonian species do not penetrate the eastern slope of the Andes, there are no congeneric species there that can produce competitive exclusion. Although competitive exclusion is not restricted to congeners, exclusion by congeners generally constitutes an important factor [27] . Hence, changes in relief, temperature and humidity, and vegetation structure appear to be the factors explaining the 500 m border. Thus, for birds, Amazonia may be restricted to the lowland running from the Atlantic coast to the foot of the Andes.
As tropical rainforest birds are generally excellent indicators, are many in terms of species numbers, and are a characteristic component of this biome, they may be useful tools for the construction of a general scheme of the boundary between Amazonia and the eastern slopes of the Andes. Two extensive studies that include tropical rainforest birds (Ridgely and Greenfield [17] , Schulenberg et al. [18] ) also distinguish between a Humid Lowland Forest (Amazonia) and a Humid Montane Forest ("Foothill Forest or Upper Tropical Forest") that covers the eastern slopes of the Equatorial and Peruvian Andes from about 500-600 m upwards. Although Stotz et al. [10] considered that the Lowland Evergreen Forest occurs up to 900 m in the Neotropics; they also distinguished between a Lower Tropical (lower than 500 m) and Hill Tropical (500-900 m) forest. Terborgh [28] also distinguished a Lowland Rainforest and a Montane Rainforest in the Cordillera Vilcabamba, Peru, whose limit is about 650 m. Frahm and Gradstein [29] , using bryophytes as indicators also recognized in NE Peru a Tropical Lowland Forest with an upper limit at 300-500 m and a Tropical Submontane Forest from this limit to 1000-1400 m. They added that in their scheme the Submontane Forest is not placed as a subunit in the lowland forest, as in most previous studies, but recognized as a proper forest belt.
Other animals groups, however, do not agree with birds and plants in the Andes zonation. Patterson et al. [12] pointed out that in the Andes of southeastern Peru the cutoff point is 750 m for bats and 1000 m for mice. However, it seems that these differences can be better explained by the wider ecological amplitude of these groups, rather than that Amazonia also extends up into the eastern slopes of the Andes.
For these reasons, the results suggest that Amazonia may be restricted to the lowland that extends from the Atlantic coast to the foot of the Andes and of the Tepuis up to about 500 m. The western boundary of Amazonia would therefore be the line that passes along the sites where the Andes rise abruptly out of the plain (Figure 2 ).
Amadon [22] stated that the fact that a wide-ranging lowland species also extends up into the mountain forest should not exclude it from being considered a member of the lowland avifauna. However, this concept is valid provided that the species only inhabit a short range on the mountains or that they extend occasionally or locally up into the mountains. For this reason, I have also included in the Amazonian avifauna those species occurring at up to 700 m on the eastern slopes of the Andes and species that inhabit the lowlands up to about 500 m but were occasionally or locally recorded at higher altitudes. Thus, a total of 337 species of birds is obtained (see the appendix). Of these, 107 (31.75%) are no-passeriformes, 198 (58.75%) suboscines, and only 32
International Journal of Ecology 5 (9.49%) oscines. Of the 337 species, 46 species extend higher than 700 m up the forested slopes of the Tepuis [30] . As the forest of the Tepuis above 500 m appears not to belong to Amazonia either [1] , the number of bird species of Amazonia would be 291. However, there is a great difference in the altitude that bird species reach in the west in Colombia and Ecuador in relation to Peru. For example, 39 species that do not occur above 700 m in Colombia and Ecuador extend up higher on the eastern slopes of the Andes in Peru (see the appendix). This suggests that the criterion used by Schulenberg et al. [18] to indicate the altitude that bird species reach in Peru was different to that used by Hilty and Brown [16] for Colombia and Ridgely and Greenfield [17] for Ecuador. Probably in Peru the highest altitude where the species was recorded was generally considered, while in Colombia and Ecuador, the altitude where species commonly occur was generally used. If in Peru the altitude where species commonly occur was considered, the number of strictly endemic species of birds in Amazonia would be 252.
Appendix
Here is a check list of the birds of Amazonia distributed in centers of endemism [31] . Species marked with an asterisk extend higher than 700 m on the slopes of the Tepuis. Species marked with two asterisks do not occur above 700 m in Colombia and Ecuador but extend higher on the eastern slopes of the Andes in Peru. Species in Peru and on the slopes of the Tepuis occurring above 700 m were not included in the list. Nomenclature and order follow Remsen et al. [32] . 
